. Today, erosion rates in the Himalayan range are controlled by the intensity of the monsoon 10 . So the imprint of this major mountain range on the global erosion rate of the continents might have begun some 10 million years before the oldest beryllium isotopic record. It is possible that the Himalaya have been consuming CO 2 at the present-day rate for 20 million years. If so, they are still influencing the carbon cycle and global climate but this might be undetectable in the beryllium record, which spans too short a period.
Whatever the questions raised by the work of Willenbring and von Blanckenburg 1 , their study challenges our understanding of the mechanisms controlling evolution of the Earth system. It will lead to a necessary rethink of the tight links between tectonic activity, physical erosion, chemical weathering and, ultimately, climate change.
■
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BIophySIcS transporter in the spotlight
Nathan K. Karpowich and Da-Neng Wang
Membrane transporter proteins switch between conformational states to move substrates across membranes. The transition between these states can now be studied using single-molecule experiments.
Biologists who work with membrane transporters -proteins that ferry substrate molecules across membranes -have long been envious of their colleagues who study ion channels. For more than three decades, researchers have been able to observe the dynamic opening and closing of single ion channels in real time using single-channel recording techniques 1 . The ability to watch ion channels 'dance' as they conduct a current allows the functional states of these proteins to be identified, and provides clues about their gating mechanisms. By contrast, bar a few notable exceptions 2, 3 , secondary membrane transporters can't be studied in this way. But in this issue, Zhao et al. 4 (page 188) report the use of a fluorescence technique to visualize several steps in the cycle of a transporter as it translocates a substrate. This is a breakthrough in the field.
Secondary membrane transporters are ubiqui tous, dynamic, molecular machines that use electrochemical gradients across membranes to drive the movement of substrates 'uphill' through those membranes -that is, against the prevailing concentration gradient of the substrate 5 . Various research, including several X-ray crystal structures 6, 7 , has greatly enhanced our understanding of the substrate specificity and translocation pathways in these proteins.
But such spectacular structures can only suggest the motions that are crucial to membrane transport cycles. Two important pieces of information remain missing 8 . The first is the dynamics of the transport cycle: how much time does the transporter stay in a particular state or in transition between states, and how does the protein's conformation change during transition? Single-channel recording cannot answer these questions, because the transport cycles are too slow, and the total transported substrates are often unchanged.
The second area of ignorance is an even greater embarrassment: we don't know how many conformational states exist in the transport cycles of secondary membrane transporters. Ion channels can be trapped in particular states by certain toxins, as can primary transporters by analogues of the nucleotide ATP. But molecular tools for dissecting the individual conformations of secondary transporters are missing. As a result, many of the mechanistic details of these proteins remain unresolved.
Enter Zhao et al. 4 , who have used a technique known as single-molecule fluorescence resonance energy transfer (smFRET) to study the LeuT transporter. Found in bacteria, LeuT belongs to the neurotransmitter/sodium symporter family of proteins, which couple the uphill uptake of substrates into cells to the downhill transport of sodium ions 9 . The LeuT transporter is a pore that contains two gates: an inner gate that opens to the cell lumen, and an outer gate that opens to the cell's exterior. The transporter adopts outward-facing (C o ), occluded (O cc ) and inward-facing (C i ) conformations ( Fig. 1) , probably among several others. Interconversion between these states facilitates the translocation of the amino acid leucine across bacterial membranes. X-ray crystal structures have been determined for LeuT in the C o and O cc conformations 9,10 , but Zhao et al. 4 now bring to light previously unknown features of the conformational cycle of the transporter.
Single-molecule FRET is uniquely suited to probing the functional dynamics of proteins, and has already bridged the gap between the statics and mechanics of protein function 11, 12 . The technique involves measuring the distance between fluorescent probes strategically attached at different positions within a protein molecule. In this way, researchers can monitor Midi-Pyrénées, CNRS, Université de Toulouse III, Toulouse F-31400, France. e-mail: godderis@lmtg.obs-mip.fr the magnitude and time frame of conformational changes for individual molecules within a population. The technique also allows the period of time spent in each observable conformation to be determined. These data are especially powerful when interpreted in the context of high-resolution structural information, such as crystal structures.
By attaching a fluorescent label to the gate on the intracellular side of LeuT, Zhao et al. 4 used smFRET to characterize the transition of the transporter to the C i conformationsomething that has not been visualized crystallographically. In the absence of substrate, the authors observed two distinct fluorescent states for LeuT, presumably corresponding to the open and closed states of the inner gate. These data suggest that LeuT switches between the C i and C o conformations in a process that is driven partly by random Brownian motion.
Interestingly, when the authors added substrates to their dynamic population of transporters, the inner gates of the transporters closed, probably leading to the formation of the O cc conformation in which a sodium ion and a leucine molecule are bound between the two closed gates (Fig. 1) . By contrast, when Zhao et al. performed smFRET on mutants of LeuT in which the packing of the inner gate is disrupted, they observed that the transporter preferentially adopted the C i conformation, and that substrate binding no longer closed the gate. By correlating their smFRET data with molecular-dynamics simulations of the inner-gate opening, the authors identified the rotation of a particular transmembrane helix in LeuT as being pivotal to the transporter's conformational transition to the C i state.
The authors also attached fluorescent labels to the extracellular surface of LeuT to probe the conformation of the outer gate. They observed that the outer gate was closed in the LeuT mutants that were biased towards the C i state. Conversely, if the outer gate was forced open, then the inner gate closed. The closing of the inner gate is therefore coupled to the opening of the outer gate, suggesting long-distance coupling across the membrane between the two gates in the transporter.
So what next? Zhao et al. performed their experiments in detergent solution, but the activities of membrane transporters in natural situations depend on their lipid-bilayer environment. Future single-molecule work on these transporters should therefore be performed in lipid membranes. Furthermore, the authors have reported only a limited part of the transport cycle of LeuT, characterizing the motion of a few helices, rather than the movement of the whole protein. The next step will be to characterize the entire transport cycle. In particular, it will be exciting to see how the binding of substrate to a second leucine-binding site, recently identified 13 above the extracellular outer gate in LeuT, triggers the opening of the inner gate to allow substrate to be released into the cytoplasm. A complete mechanistic description of a transport cycle also requires the identification of all the conformational states and the thermodynamic and kinetic relationships between them. Zhao and colleagues' smFRET study 4 lifts the curtain and shines a spotlight onto some of the choreography of LeuT -but now the audience is waiting to see the entire dance. 
MateRIalS cheMIStRy controlled nanotube reactions
Maurizio Prato
For many potential applications, carbon nanotubes must be chemically modified, but the reactions involved aren't easily controlled. The discovery of a reversible modification process is a step towards such control.
Striking the right balance between chemical reactivity and selectivity -a measure of the number of unwanted side reactions associated with a desired reaction -is a challenge that chemists have always faced. Nowhere is this more evident than in the chemistry of carbon nanotubes (CNTs). Because of their low reactivity and high stability, harsh reaction conditions are usually required to 'convince' reluctant CNTs to react. But when they do react, it is difficult to control the number of chemical groups that become covalently attached to the carbon skeleton (the degree of functionalization), a property that is crucial for many applications of CNTs.
Writing in Angewandte Chemie, Syrgiannis et al. 1 describe one possible solution to the problem. They report a simple method by which chemical groups can be controllably attached to CNTs, then removed and even re attached. The same chemical groups or different ones can be used at different stages of the process, and the degree of functionalization can be varied.
CNTs have many desirable characteristics. Their mechanical, electrical, thermal and optical properties make them useful materials for potential applications such as molecular electronics, biochemical sensors and memory elements or as additives in composite materials. Unfortunately, 'naked' CNTs are difficult to handle because they are insoluble in most solvents. They also tend to aggregate into tight bundles, which makes them difficult to process and prevents researchers from studying the properties of individual CNTs. But when suitable chemical groups are attached to CNTs, they become more soluble in organic solvents and even in water. What's more, chemical modification helps prevent tight bundles of CNTs from forming, almost completely separating individual CNTs from each other.
An entire area of research dedicated to the chemistry of CNTs has thus bloomed over the past decade 2 . One of the most important objectives for this field is to control the degree of functionalization, because although chemical modification helps in the processing of CNTs, too much modification can adversely affect their useful properties. For example, a high degree of chemical modification can alter the conductance of CNTs, which decreases substantially upon increasing functionalization 3 . This effect, which is also related to the type of functionalization 4 , is particularly important for CNT-based transistors and for electronic applications in general. Conversely, a high degree of functionalization might be required for other potential uses of CNTs, such as drug delivery.
Syrgiannis and colleagues' technique 1 for controlling the extent of chemical modification of CNTs could therefore be extremely useful. The first step of the pro cess (Fig. 1a) is to co valently attach alkyl groups -saturated hydro carbons -to the side walls of singlewalled CNTs (SWCNTs), using a previously reported reaction 5 that provides high yields of functionalized SWCNTs (f-SWCNTs). The authors' innovation 1 is to have made the pro cess reversible by judiciously modifying the reaction conditions. They found that, by treating the f-SWCNTs with sodium or lithium metal
